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1. Brief context of the Business Project 
The purpose of this paper is to provide a deeper analysis of a specific topic based on the 
CEMS MiM Business Project “European, Chinese and US Energy Systems”. The first part of 
the report presents main information and outcomes of the business projects as the basis for 
the further developed and detailed analysis in the second part. Last, the third part of this 
report reflects the learning’s from the Business Project. 
1.1. Company 
EDP was initially incorporated in 1976 as a public enterprise and is now a limited liability 
company. Being a vertically integrated utility company with an installed capacity of more 
than 18,000 Megawatt (MW) for 9.8 million customers in 13 countries, EDP is one of 
Europe’s biggest players in the energy market. The EDP Group is mainly active in Portugal 
and Spain, but is becoming an increasingly international energy company with current 
operations in four continents (EDP, 2014). 
1.2. Market overview 
While the macroeconomic environment stabilized after volatile years, especially in the Euro 
zone due to monetary policy adjustments, the energy market is still recognizing a 
transformational change. The global energy supply and demand respectively, is predicted to 
grow by over 40% until 2035 (EDP, 2013). Besides this drastic increase, mainly caused by 
economical catching-up processes in developing countries, the energy market is also facing a 
tremendous structural change in the production of energy. Although coal and oil will still 
remain having the highest share in the energy mix, only renewables and natural gas will 
demonstrate a constant growth on a global level (EDP, 2013).  
1.3. Current client situation 
Since the acquisition of Horizon Wind Energy from Goldman Sachs in 2004, EDP is one of 
largest wind power operators worldwide. In 2011, EDP started a co-operation with China 
Three Gorges (CTG)1 and strengthened its position for renewables in China (EDP, 2013). 
The acquisition of Horizon as well as the CTG partnership was based on the intentional 
decision to improve EDP’s position on two major energy markets and strengthen its position 
as a producer of renewable energy.  
                                                
1 CTG acquired a 21,35% equity stake in EDP for 3,45€ per share (2,7bn €). 
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1.4. The Business Project challenge  
It is in EDP’s vital interest to understand the global energy market and its occurring 
developments. EDP has its own research laboratories and partnerships with international 
research institutions to predict developments. For the public, EDP created the EDP 2050 
Simulator (Appendix 1) as a simplified and easy accessible, yet highly informative, tool to 
simulate the energy markets in Portugal, the United States, China, and Europe. Although the 
energy market is also subject of short-term fluctuations, it is a market with relatively high 
long-term perspectives. This is due to the high capital requirements for investments and long-
term supply contracts, as well as the large influence of policies on the market (European 
Institute of Innovation and Technology, 2014). Security of supply, energy costs and 
environmental issues are building the triangle of growing global concerns in which EDP has 
to develop its business. Important trade-offs must be analyzed, understood and quantified. 
The energy market is influenced by long-term developments and faces an enormous influence 
by politics. The aim of the related Business Project was to define four policy-based scenario 
outlooks for 2050 to forecast potential developments.  
1.5. Summary of main conclusions 
By simulating 12 different scenarios (4 in each of the three analyzed regions – Europe, US, 
China), many very interesting insights about the energy market were discovered. As the 
energy market is highly regulated, every structural change in the system requires political 
support. The simulated scenarios were therefore mainly driven by policies. Every analyzed 
region has its own energy system making it hard to reach a global coordination. The most 
important message from the use with the simulator concerns the goal of reducing the GHG 
emissions in order to reach the 2°C target2. The simulator clearly shows that the demand side 
alone is not able to solve the challenge of climate change. A sustainable decrease of 
emissions can only be reached through the combination of changes on the demand and the 
supply side. Fossil fuels are mainly responsible for the high GHG emissions and need to be 
substituted. Moreover, other forms of energy and new technologies need to take over. 
Massive investments in renewable technologies, such as solar, wind and hydro are necessary 
to achieve a more sustainable energy mix. Furthermore, electrification of society, especially 
of transportation, has to be accelerated. 
                                                
2 The 2 °C target describes the goal of international climate policy to limit global warming to less than two 
degrees compared to the level before the start of industrialization. The goal, based on scientific knowledge about 
the likely consequences of global warming, was initially proposed by the German Federal Government, later the 
European Union and in December 2010 the 194 member states of the United Nations Framework Convention on 
Climate agreed to this goal. 
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2. Further development of a specific topic 
This part explains the original approach of the business project and how it evolved over time. 
In a next step, it will review the main limitations of the approach and will result in the 
profound analysis of a specific scenario - the minimized emissions scenario for China. 
2.1. What was the original approach to this topic? 
The original approach of the business project with Nova SBE and EDP was to conduct a 
comparative analysis of the European, US and Chinese energy systems. Initially, we analyzed 
the global energy market and the European, US and Chinese energy systems to identify 
important factors for future developments. 
This first step required a lot of research and expert interviews, as we had to build up a 
profound knowledge about energy markets in a relatively short period of time. Based on 
those findings, we established a clear approach and formulated three scenarios that were later 
in the course of the project - on request of EDP - increased to four, to show a potential global 
energy market evolution. Next, we simulated the scenarios and compared the different 
scenarios and regions. As a conclusion, we determined the key variables having a major 
effect on the scenarios. 
2.2. What are the main limitations of the approach used? 
As EDP requested not only four scenarios for global energy trends but for three different 
regions, we had to conduct 12 different simulations in total. The outcome of one scenario 
already provides enough data to cover one full report. Therefore, the main limitation for the 
project was to define only the major distinctive features of each scenario. On top of that, 
many limitations came from the simulator itself: although the simulator delivers more than 30 
variables it is still a simplified model of reality and gives a limited picture of reality, resulting 
in the fact that every outcome is influenced by the simulator’s limitations (Appendix III). 
2.3. What would you have done differently when developing this topic? 
As described above, the business project report was giving a very broad perspective on the 
energy market. Although an understanding of the global developments is important, a clearer 
focus on certain areas, such as the US or China would have helped to conduct a more 
insightful analysis of the simulated scenarios, as these regions are especially interesting due 
to EDP’s recent activities with Horizon and CTG. 
Therefore, this part will provide a more accurate analysis of a minimized emissions scenario 
for China. CTG has 21,3% of EDP’s shares (EDP, 2013) and is hereby the largest 
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shareholder. Having such a large investor from China with a clear focus on renewable energy, 
it is in EDP’s interest to analyze a potential scenario of minimized emissions with a high 
stake on renewables in this important market. A more precise investigation on the economic 
effects will be assessed, as well as a sensitivity analysis examining the most important 
variables of this scenario. 
2.3.1. Introduction to a minimized emissions scenario for China 
As already described before, the outcome of the 12 scenarios was rather a broader perspective 
on the global energy market than a deeper insight into one specific market. Therefore, this 
part describes the Chinese emission scenario more specific as the Chinese market has a great 
potential for future economic developments. According to the 2°C target, an increase of more 
than 10% GHG in the atmosphere compared to the pre-industrialized age, will boost the risk 
of negative effects from climate change significantly. China plays a crucial role to reach the 
reduction target as the remarkable growth of its economy is leading to a massive increase of 
GHG emissions. Appendix V shows the correlation between the world's CO2 emissions and 
its primary energy consumption (Appendix V). 
Moreover, China overtook the United States to become the world’s largest contributor to CO2 
emissions in 2007 (Zhou, 2011). Until the 1990s, China was self-sufficient in terms of 
covering its energy demand. During the late 90s, its growing consumption required some 
imports. Then, in 2002, the Chinese energy demand exploded due to economic growth, and 
the dependence rate started to grow rapidly (IEA Statistics, 2013). From 2002 to 2012 the 
consumption of coal increased by 157% from 728 Mtoe up to 1873 Mtoe (BP, 2013). In the 
same period grew the Chinese primary energy consumption by 155% and is still not close to 
the level of developed countries (Appendix IV).  
2.3.2. Economic necessity to reduce greenhouse gas emissions 
Damages and expenditures due to extreme weather conditions have been rising over the last 
thirty years, from an annual average of about $50 billion in the 1980s to nearly $200bn each 
year in the last decade. The total reported losses from disasters are estimated at $3.8 trillion in 
the period from 1980 to 2012 with 74% due to extreme-weather (Worldbank, 2013). 
A report by the British government, conducted by Nicolas (2007), also investigates the 
potential economic effects of climate change. He concludes that climate change is a 
considerable economic threat that could cause costs in the height of up to 20% of the GNP 
until 2100, if the concentration of GHG is not stabilized at or below 550 ppm carbon dioxide 
equivalents (CDE). Developing and emerging countries, such as China, could incur even 
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more drastic economic consequences with a real income decline of 25% (OECD, 2003). 
Economically it is important to reduce the climate effect soon. Each year the mitigation starts 
later the costs can increase by 0,2% of GDP (Doll et al., 2007). 
In addition to the expected environmental and economic damage in the medium and long 
term, some significant problems are already visible in China today. Local pollutants are 
already causing massive health issues and the climate is becoming harsher in the eastern 
regions of China (Appendix VIII). According to the Chinese government (2009), the country 
is “…fully aware of the seriousness and urgency of climate change…“ and already 
incorporated GHG emissions reductions into the Chinese Five-Year Plan (2011-2015). 
The mitigation of global warming does not only prevent future economic losses, it is also a 
chance to promote progress and development. The structural transformation to a more 
environmental responsive energy system is a long-term strategy for growth and can be 
implemented in a productive way to support the aspirations for growth of developing 
countries (Kemfert and Truong, 2007). The simulations from our business project showed, 
that the most cost efficient scenarios are those with investments in sustainable technologies. 
Technologies, such as BECCS3 or hydroelectricity are having a big potential in the Chinese 
market and are becoming cleaner alternatives for coal (Higashi, 2009). The simulator also 
revealed that renewable energy is a long-term cost effective alternative to fossil fuels.  
2.3.3. Steps to minimize emissions in China 
Besides all the abovementioned technologies and transitions, in order to effectively reduce 
GHG emission the reduction of energy intensity4 is unalterable. As the world population is 
still growing and developing countries show a pent-up demand leading to an incredible 
increase of GDP, the reduction of energy usage is pivotal for a reduction of emissions 
(OECD, 2012). 
Several steps are necessary to mitigate and reduce emissions: an increase in energy 
efficiency, a decrease in energy intensity, changes on the energy demand side, as well as a 
substitution of harmful energy sources through the use of clean power plants, heating and 
transport technologies are effective mechanisms. Furthermore, the production processes in 
the economy accruing carbon must be separated and stored through CO2 sequestration and 
Carbon Dioxide Capture and Storage (CCS) to permit the continued use of fossil fuels 
                                                
3 BECCS: Bio-energy with carbon capture and storage 
4 Energy intensity is a measure of energy efficiency, which sets the energy consumption of an economy or 
industry in relation to the GDP. It is calculated as follows: Energy intensity = 𝐸𝑛𝑒𝑟𝑔𝑦  𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝐺𝐷𝑃 
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without harming the atmosphere. For the general public, obstacles to a more efficient use of 
energy must be eliminated. The Chinese public must be better informed in order to change 
attitudes and behavior. Innovations to use low-carbon technologies should be encouraged 
(Shell, 2008). The expenses to support energy research and development should be doubled 
and the use of new low-carbon technologies should grow by five times. International co-
operation regarding the establishment of product standards is a powerful way to increase 
energy efficiency (Nordhaus, 2007). By following all these measurements, the concentration 
of GHG could be stabilized at or below 550 ppm carbon dioxide equivalents leading to a 
successful emission reduction (IEA, 2013). 
Diagram II - Energy Sources as % of Primary Energy Demand (2005 / 2050 comparison) 
The graph above shows one of the results of the simulation. The change of energy sources as 
% of total primary energy demand from 2005 to 2050. The most important reduction of GHG 
emissions comes from the reduction of fossil fuels. The energy gap is then covered by an 
increase of Natural Gas, which is a cleaner fossil fuel, Nuclear energy and Renewables 
(Higashi, 2009). 
In order to simulate such a quite radical but necessary approach, the variables in the simulator 
need to be adjusted accordingly. The energy intensity demand is drastically reduced to 
20toe/M$ and the electrification levels are increased in all areas to around 50%, as well as the 
fuel switching of road and non-road transports. In China, nuclear energy is not such a 
massive political problem as in other countries (Sovacool, 2010). Thus in the simulation, 
China makes use of this technology and produces 500 Giga Watt (GW). On top of that, CCS 
technology is used in the scenario as well.5   
                                                
5 For the exact selection of variables for the simulation please refer to Appendix II. 
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2.3.4. Sensitivity analysis and comparison with China’s current energy policies  
The sensitivity analysis in Diagram II shows how significant the influence of Industrial 
Energy Intensity is on the demand side. The effect industrial energy intensity on the energy 
consumption is tremendous. An increase in Industrial Energy Intensity from 20 to 50toe/M$ 
is resulting in a 68% increase in primary energy consumption. From 20 to 90toe/M$ there is a 
change of 267%. This result is clearly underlining the importance of the energy intensity of 
the industrial sector to the energy consumption in China. 
Diagram II- Sensitivity analysis of industrial energy intensity 
When comparing the outcome of the scenario resulting from the EDP 2050 Simulator with 
scenarios published by the Chinese Energy Research Institute (CERI) - with its two main 
scenarios: Continued Improvement Scenario (CIS) and Accelerated Improvement Scenario 
(AIS) - the forecasts reveal very low increases in energy consumption in China for the 
coming years. Nevertheless, as Diagram II shows, the level of energy consumption in 2050 is 
relatively close to this reports scenario of minimized emissions. 
Diagram III - Development of energy consumption from 2005 until 2050 in different scenarios 
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However, other sources predict high single-digit growth rates for China until the 3rd decade of 
this century, followed by a slight slowdown or stabilization (lowering or stable energy 
consumption), which fits well with the result of the scenario developed in this report (PwC, 
2013). 
Diagram IV - Comparison of Energy Intensity as % of 2010 Level with CIS and AIS scenario 
The only way energy consumption may grow on such a low rate as forecasted by CERI 
would be through strong continuous improvements in energy intensity levels. The minimized 
emission scenario, as well as the CSI and AIS scenario, shows relatively similar results in 
terms of a drastic decrease of energy intensity compared to 2010 (Diagram IV). 
2.3.5. Conclusion 
Reducing emissions in China, would not only help to stabilize the climate due to a reduction 
of emissions, it would also help to avoid economic problems due to environmental problems. 
Stern estimated the costs from environmental catastrophes to be up to 20% of the GDP. So it 
is in China’s vital interest to further invest in electrification and energy intensity reduction, 
combined with an aggressive investment on renewable energy (Appendix VI). 
The simulation showed clearly, that an early action on emissions is cheaper, and that curbs on 
emission reductions based on economical short-term thinking leads to far greater costs in the 
medium and long-term (Appendix VII). These circumstances create great opportunities for 
EDP. With a strong portfolio in renewables and a strategic partnership with CTG, EDP is 
well positioned to deliver expertise and technology to China.  
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3. Reflection on learning  
After unfolding the knowledge from the masters program used to accomplish the business 
project, the author focuses on the professional and personal development to complete with a 
critical examination on the project. This part describes the author’s personal development and 
experiences, therefore this section is written in the first-person perspective. 
3.1. Previous knowledge learned from the Masters Program 
Completing a Masters in Management at Nova SBE and a CEMS Masters in International 
Management provides a profound and wide-ranging knowledge, not only of management 
theory but also of project management familiarity. The Nova Strategy course gave me a solid 
base to perform external markets analysis by using PESTEL and to conduct forecasts through 
using different scenarios. The Global Management Practices course provided me with 
selected tools to work with diverse members from different backgrounds. The Consulting 
course was a good foundation to work in a precise, professional and academic way. 
Academically, especially research skills helped to conduct profound research on the energy 
market in a short timeframe. Finding and evaluating sources is an academic skill I learned 
from my previous projects and assignments in various courses. 
3.2. New knowledge 
This Business Project confronted me with a very specific market. As I only had limited 
previous knowledge on the energy market and the high influence from policies, I gained 
enormous insights and knowledge in a relatively short timeframe. One of the most important 
learning’s for me was the fact, that the utility business is facing not only a macroeconomic, 
but also a high political risk. The energy market is extremely regulated and therefore energy 
companies need to understand the political trends in energy policies. Besides understanding 
the market as whole, I was also able to gather new knowledge in terms of methodologies and 
frameworks that were used during the business project. Especially the work plan we were 
using during the whole project was very helpful to align all stakeholders (team, academic 
advisor and company advisor) and to gain deep insights for understanding the full processes 
and structures. 
3.3. Personal experience 
3.3.1. Key strengths & weaknesses - insights from participating in this project  
Due to my experiences from working and studying with multicultural teams, the project 
contributed from my strong skills in cross-cultural management. Having lived and worked in 
international environments as Munich, London, Bangalore, Singapore, Budapest and Lisbon, 
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I was able to adapt and incorporate quickly to the group, having its very own dynamic 
consisting four different nationalities. This fast adaption phase enabled me to fulfill my 
position as group leader. My confidence and openness mostly helped to engage the group, but 
I sometimes developed the tendency to push my team members too much in very stressful 
situations. Having my own opinion in mind, it can be difficult for me to accept the individual 
opinions of others. However, working in this very motivated and diverse team, with different 
backgrounds, I learned to actively step back to give my team members time to express their 
ideas to find the best possible solution for our project. 
3.3.2. Plan to develop your areas of improvement. 
In order to further improve my skills, I will make more use of an open and direct 
communication making my team members more comfortable in communicating their 
opinions, even if they need to overcome their shyness first. This approach could help to 
uncover hidden talents from my team members and increase the overall performance of the 
team. As every team is different, I should give myself more time to observe every group 
arrangement and then adjust accordingly to the specific dynamics. 
3.4. What added most value? What should have been done differently? 
The business project created a great opportunity to get insights into the real business world, 
while still being in the “save” academic surrounding and always having the helpful 
experience of an academic advisor. I had the opportunity to gain understanding on a very 
interesting business and to work with inspiring and passionate people. The energy business is 
a very interesting business with a high potential for future developments and changes. In this 
very dynamic, fast-changing but problematic business one has to learn fast and adapt quickly 
to new possibilities and come with effective solutions for difficult economic situations. That 
was why the learning outcome for this challenging project was very high. 
In order to ensure value for participants, I would advise to be a bit more selective in choosing 
business projects. Although our energy project was very interesting, it is questionable if it 
brings value to the corporate partner and is therefore valued sufficiently. Especially, when 
highly motivated CEMS students want to create value and put a lot of effort into the projects, 
the support of the companies could be more effective. 
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Appendix 
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Oil price 
Coal price 
Natural gas price 
CO2 price 
E
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  Population 
  GDP/Capita 
In
te
ns
ity
 Residential energy intensity demand 
Services & agriculture energy intensity demand 
Industrial energy intensity demand 
Road transports penetration 
Su
bs
tit
ut
io
n  
Electrification of residential energy demand 
Electrification of services energy demand 
Electrification of industrial energy demand 
Electrification of road light transports 
Fuel switching of road transports 
Electrification of non-road transports 
Fuel switching of non-road transports 
G
en
er
at
io
n 
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  Coal power 
  Gas power 
  Hydroelectric generation 
  Nuclear power 
  Onshore wind power 
  Offshore wind power 
  Solar PV power 
  Solar CSP power 
  CHP power 
  Biomass and MSW power 
  Geothermal power 
  Ocean power 
  Energy Imports 
C
O
2    Thermal power plants with CCS 
  Industrial plants with CCS 
  Emissions' reduction due to geosequestration 
Appendix I - EDP 2050 Simulator Variables  
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  Variable Unit China 
Energy 
Demand 
Population Million 1700 1500 1350 1000 
GDP/Capita k$/capita 40 30 20 10 
Residential energy intensity demand toe/kcapita 600 400 260 150 
Services & agriculture energy intensity demand toe/M$ 30 25 20 15 
Industrial energy intensity demand toe/M$ 120 90 50 20 
Road transports penetration Vehicles/cap 700 500 400 200 
Electrification of residential energy demand % 15 30 45 60 
Electrification of services energy demand % 20 40 60 80 
Electrification of industrial energy demand % 30 40 50 60 
Electrification of road light transports % 10 25 50 75 
Fuel switching of road transports % 10 25 50 75 
Electrification of non-road transports % 10 20 30 40 
Fuel switching of non-road transports % 10 25 50 75 
Generation 
or Capacity 
Coal power GW NA NA NA NA 
Gas power GW 200 500 1000 1500 
Hydroelectric generation GW 300 400 550 700 
Nuclear power GW 50 150 250 500 
Onshore wind power GW 200 500 800 1100 
Offshore wind power GW 50 100 200 400 
Solar PV power GW 50 200 500 800 
Solar CSP power GW 25 75 150 300 
CHP power GW 30 85 150 250 
Biomass and MSW power GW 50 100 150 250 
Geothermal power GW 5 50 100 150 
Ocean power GW 5 10 50 100 
Energy Imports GW 0 30 50 100 
CO2 
Emissions 
Thermal power plants with CCS % 0 25 50 100 
Industrial plants with CCS % 0 25 50 100 
Emissions' reduction due to geosequestration Mton 0 50 100 250 
Results 
GHG emissions vs. 2005 % 48 
Cost of Energy B$/year 1472 
Difficulty Level % 65 
Appendix II - Selected variables for the simulation of a minimized emissions scenario for China 
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Baseline Values Based on our research, we found out that a couple of baseline values 
that need an update, i.e. the population for the US is most likely to be 
400 million instead of 300. Also, the GDP per capita in China will 
most definitely be higher than 10.000$/per capita. On top of that, we 
believe the business as usual values should be the starting point for 
the simulation (e.g. If the energy intensity trend in the EU is going 
down, then the starting point should at least be the current EU levels 
and not an increase to the US levels). 
 
CCS Since the economic viability of this concept is still not internationally 
indisputably accepted, we believe it will be extremely unlikely to 
have all plants with carbon capture and sequestration. We 
recommended a lower range of values for these variables. 
 
CHP Taking into consideration that cogeneration is an efficient way to 
leverage fossil fuels we believe the CHP formula needs to be 
rearranged (mix between residential and industrial) so as to better 
leverage its advantages. 
 
Cost Functions 
 
The cost functions should change with scale. While in hydro it might 
become increasingly costly to add capacity due to the restrictions on 
natural resources, in solar PV we have economies of scale from 
producing higher levels of panels. 
 
Difficulty Levels 
 
Concerning the difficulty levels, we gave several recommendations to 
improve the accurateness of the simulator. 
I. Within variables – the effect on the final outcome has to be 
proportional to the difficulty of changing a variable. Biomass 
accounts for 1% difficulty while Industrial Energy intensity 
only accounts for 2% - a change on the later one is much more 
difficult than the first (even more than double). 
II. In each variable – The increase in difficulty at lower levels 
(from 1 to 2) should not be the same as going to the extreme 
solution (3 to 4). Looking at on-shore wind in Europe: a 
100GW to 200GW increase is much easier than a 400GW to 
600GW (!Difficulty shouldn't be linear but exponential). 
III. Same variable in different regions – it is less difficult to install 
solar CSP power in the US than it is in the EU or it is less 
complex to install additional nuclear capacity in China than it 
is in the EU. 
 
Storage 
 
So far, the simulator does not take storage into account. When 
increasing the share of renewable energy, intermittency becomes an 
issue. So as to tackle that, one of the solutions is storage. 
 
Appendix III - Suggested changes to further improve the EDP 2050 Simulator 
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Appendix IV  - Primary Energy Consumption in 2012 
The World’s average primary energy consumption in 2012 (in Appendix IV) was 1,78 
toe/capita. China, however, already exceeds that level with 2.03. China still exhibits a 
relatively low consumption per capita, but will experience a drastic increase toward 2050. If 
it approaches Western standards, the consequences could be drastic. 
 
Appendix V - Correlation between the world's CO2 emissions and primary energy consumption 
Appendix V clearly demonstrates the strong correlation (0,9984) between the increase of the 
primary energy consumption and the output of CO2 emissions. Primary energy consumption 
from 1965 until 2012 increased from 3.755 Mtoe to 12.477 Mtoe. The CO2 emissions in this 
period increased from 11.709 Mtoe to 34.466 Mtoe. 
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Appendix VI- Development of GHG Emissions in a minimized emissions scenario (2005 - 2050) 
Appendix VI shows how China’s GHG emissions will develop in comparison to the EU and 
US. Due to the necessary catch-up process of the Economy, China will continue to increase 
its emissions until 2030, where it reaches its peak with 175%. From there the GHG emissions 
mitigation starts, leading to a reduction down to 48% in 2050. 
Appendix VII - Comparison of development of total energy costs (in B$10) 
Appendix VII illustrates, that the other scenarios do not require such major changes in the 
energy system, (difficulty to follow these scenarios is significantly lower), but they also not 
building up pressure to optimize the cost structure in the long run. Therefore, the other 
scenarios have lower unitary costs of energy, but since the demand is much higher than in the 
minimized emissions scenario, the total cost of energy rises steeply and will be considerably 
higher in 2050 than in the minimized emission scenario.  
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Hurricane Katrina as example of damages due to extreme weather conditions 
 
The U.S. government estimated the damage from Hurricane Katrina with more than $ 100 
billion. Already this one extreme climate event lead to a decline in growth in the amount 
of 0.2 - 0.4 % of the US GDP in 2005 (Kemfert, 2005). The damage on oil platforms 
caused oil supply outages, resulting in rising oil prices and further losses in GDP growth. 
Besides directly measurable damages, there are several other indirect cost effects that 
need to be included: damage to infrastructure, diseases caused by outbreaks of epidemics, 
deaths, and damage to agriculture (particularly in case of floods). All these damages have 
to be expended by the State and thereby reduce the opportunity of spending in other 
places (Knabb, 2005) 
There are also some industries benefitting from such events. The rebuilding of damaged 
infrastructure and real estate had some positive growth effects for the construction 
industry in the United States. In the example of the Hurricane Katrina these effects 
resulted in an increase of GDP by 0.1 % (Kemfert, 2005) 
Adding up all negative and positive effects of the hurricane you come, according to 
calculations of the Munich Re insurance, to an amount of about 2 to 3 % of the gross 
national product (GNP) of the United States in 2005. 
Appendix VIII – Example of damages due to extreme weather conditions  
